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PROCESS FOR THE PRODUCTION OP SILYL CARBOXYLATE MONOMERS 

The present invention relates to the production of silyl 
5 carboxylate by a surprising new route. 

Silyl carboxylates are useful as monomers or co-monomer* 
in the production of meta.l-free binders for self polishing 
antifouling painfco aa, tor instance, disclosed in EP-ft- 

10 11279D2. Antifouling paints are widely used to improve the 
performance of ships by preventing the growth of marine 
organisms on the sub-marine parts of ship' a hulls. 
Binders containing metals such as tin have been widely 
used since the 1960'e but research has shown that the 

IS organotin tributyl tin (TBT) causes environmental problems 
such as deformations in oysters and sex changes in whelks : 
Silyl carboxylatas derived binders are an important 
replacement for such tin-based systems. Accordingly, the 
economic production of silyl carboxylate monomers will 
20 make an important contribution to such systems. 

Some of the polymers used in the above-described 
antifouling paints are based on silylated carboxylate 
monomers . 

25 

Several processes are known as conventional techniques for 
the synthesis of said silylated carboxylate monomers , 

EP 1260513 relates to a process for the preparation of 
30 trialkylsilylated carboxylate monomers from 

hexaalkyldisilylsulfates and metallic salts of unsaturated 
carboxylic acids. 

JP 53(16290 A describes a process to obtain a methacrylic 
35 functional group-containing organoailicon compound. The 
process comprises reacting methacrylic acid with a 
halogenoalkylsilane (e.g. trialkylsilylchloride) in the 
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presence of a tertiary ami*e confound having a cyclic 
structure. This process has disadvantages such as the 
reduced availability and storage stability of the axlyl 
chloride. Moreover, the reaction yields as a byproduct a 
5 hydrogen halide Cwhich provokes the corrosion of the 
production equipment) or a halide salt (which has to be 
removed by filtration) . 

The synthesis of trimethyleilyl. methaorylate from 
10 methaorylic acid and hexamethyldisilazane is described xn 
A.Chapman * A.D.Jenkina J.Polym.Sci. Polym.Chem.Edn. vol 
15, p. 3075" (1977) . 

j P 10195084 A discloses the reaction of unsaturated 
15 carboxylic acid such as acrylic acid or methacrylic acid 
with a trialkylailylhydride compound in the presence of a 
CQ pp*r catalyst. One of ^e disadvantages of this method 
is the risk of hydrogenation of the unsaturated oarboxylic 
acid due to a side reaction of the produced H2 on the 
20 carbon-carbon double bond. 

Reaction mechanisms of nueieophilic attack at silicon have 
been disclosed in the literature. Bassindale at al. The 
Chemistry of Organic Silicon Compounds, chapter 13, J 
25 Wiley & Sons 1989, discloses extensive reaction mechanisms 

for silicon. However, the nueieophilic reaction 

mechanisms relate to halo substituted silicon type 

compounds and theae are encouraged by the halogen leaving 

group . 

BP 056108A1 (Dow Coming Corporation) discloses the acid 
catalysed reaction of alkoxyeilanee with carboxylio acxde 
to produce alkyl oarboxylates and disiloxanes. 

tlakao et al, Bulletin of the Chemical Society Japan, 54 
J267-1268 (1981) discloses the esterification of 
carboxylic acids with alcohols in the presence of 



30 
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trimethyl chlorosilane. The reaction i© said to proceed 
via the intermediate alkoxy trimethyl silane and produces 
the alkyl eater in high yield together with disiioxane. 
The yields of methyl acetate are 96-9B%. 

5 

It is one of the objects of the present invention to 
provide a process for the production of ailyl 
carhoxylatea - 

10 

It is a further object of the present invention to provide 
a more convenient and efficient process for the production 
of silyl carboxylateeu 

15 According to a f irat aspect of the present invention there 
is provided a process for the production of hydrocarbyl 
silyl unsaturated carboxylates of formula (I> . 




20 

wherein 



R l , R 2 , R* r\ r b each independently represent hydrogen r 
hydroxyl, alkyl, alkenyl, alkynyl, alkoxyl, aryl, 

2S aryloxyl, aralkyloxyl, -0-SiR x R z R% -0- (SiR<R*0) n -SiR*R*R 3 or 
aralkyl radical optionally substituted by one or more 
substituenta independently selected from the group 
comprising alkyl , alkoxyl r aralkyl, aralkyloxyl , aryl, 
aryloxyl, hydroxyl, halogen,, amino or amino alkyl 

30 radicals , or may independently be an -0-C(0)-C{r*)»Chr' 
group; 

R B represents a hydrogen atom, or an alkyl group, or (~R fi - 
) c C(O)0R 10 wherein R 1D represents ..an hydrogen atom, - 
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(SitftfO^-SiR^R 3 wherein R», R*, R 3 < R 4 ' R * aB already 

defined or an alkyl gwup; wherein R 8 is independently 
selected from alkyl, alkenyl, alkynyl, aryl or an aralkyl 
radical optionally substituted by one or more substituents 
5 independently selected from alkyl, alkenyl, alkynyl, 

aralkyl, aryl, hydroxyl, halogen, amino or amino alkyl 

radicals; O>0 or If 

R T represents a hydrogen atom, or independently represents 
10 alkyl, aryl, aralkyl, alkenyl, alkynyl radical optionally 
substituted with the same radicals as defined for R fi above 
or tC represents -COOR* wherein R 9 represents an hydrogen 
atom, an alkyl group or - (SiR«R s -0) n - SiR^R 3 wherein R 1 , 
R z , R\ R 4 and R 5 ara as already defined; 



by reaction of an unsaturated carboxylio acid of formula 
{ID 

R 7 — CH— C v 

C-OH 
° (ID 

wherein R a and R 7 in formula (II) are as defined atoove? 
with a hydrocarbyl silyl compound of formula (III) 




(III) 



wherein R x ,R a ,R 3 , R 4 and R 9 are as defined above and R* is 
an hydrogen atom, an alkyl, aralkyl or aryl, alkenyl or 
alkynyl group optionally substituted with one or more 
3D substituents selected from the equivalent substituents as 
detailed for R a -R 9 above; and each n above independently 
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represents a number of dihydrocarbylelloxane units from 0 
to 1000; the said reaction being carried out in the 
presence ©f e silaphilic catalyst. 

5 Preferably, wherein when R 10 represents alkyl or hydrogen 
in formula II, it represents - (SiRWo-^siRWR* in formula 
I, wherein n and R 1 — R 6 are as defined previously ♦ 

Preferably, wherein when R 1 , R 2 , R 3 , R 4 or R 5 are . aryloxyl, 
10 alkaryloxyl, alkoxyl or hydroxyl in formula III, they may 
represent -O-C(O) -C<R 6 )«CHR 7 in formula I. 

Preferably, where R* represents an alkyl group or an 
hydrogen atom in formula (II), it may represent « 
15 <SiR 4 R & 0) n -SiR 1 R 2 R 3 in formula (I). 

Preferably, the ailaphllic catalysts are selected from 
fluoride containing mineral or organic salts which 
compri se, but are not limited to , sodium fluoride , 
20 potassium fluoride, caesium fluoride or tetrabutyl 
ammonium fluoride (Bu«Nn % or are selected from N-raethyl 
imidazole (NMI) , N, N-dimethylamino pyridine (DMAP) , 

hexamethylphosphoric triamide (HMPA) , 4,4 dimethyl 
imidazole, W-methyl~2«pyridone <MMJ?> , pyridine N-oxide, 
25 triphenylphosphine oxide, 2,4 dimethyl pyridine, N-methyi~ 
4-pyridone, dimethyl f ormamide (fiMF) , 3,5 dimethyl 
pyridine, N,N-dimethylethylene Orea(DMEO} r N,N~ 

dimethy Ipropylene Ofrea (DMP0) , pyridine, imidazole , 
trimethylamine , dimethyl sulphoxide { DMSO) , N-me thy 1 
30 pyrrolidinone (HMP) , formamide, N-alkylf ormamides, 

dialkylforraamides, acetamide, tt-alkylacetamides, N,N- 
dialkylacetamideB, alkylcyanides, N-methyl pyrrolidone, p- 
dimethylaminobenzaldehyde, 1,2-dimethyl imidazole, LiOH, 
LiStearate, MaX, MeOMa or MeOLi,- the term alkyl in the 
35 above N-alkyi and N,N-dialkyl , . . > amides and cyanides 
include any linear, cyclic, bicyclic, polycyclic, alkyl 
aliphatic or aromatic group and in the case Of N,N~ 
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compounds the alkyl may be the same or different, an 
example is bl-formyl Rosinamine. 

Silaphilic catalysts have been defined as molecules having 
B a special affinity for silicon - Srook, Silicon m 

Organic, Organometallio and Polymer Chemistry section 5.5, 
' J Wiley & Sons 2000. Preferably, the silaphilic catalysts 

have an electron rich hetercatom such as oxygen or 

nitrogen. Typically, the hetero atom is substituted with 
10 electron donating groups. 

Lewis acid catalysts may also be used to catalyse the 
' process of the present invention. accordingly, for the 

purposes of the present invention, the term "silaphilic 
16 catalyst" should be taken as incorporating Lewis acid 

catalysts such as titanium butoxide Ti(0Bu)«. 

Said catalyst may, for example, be a metal alkoxide, an 
organic tin compound such as dibutyltin dilaurate, 
20 dibutyltin dioctiate or dibutyltin diacetate, or a boron 
compound such as boron butoxide or boric acid. 
Illustrative examples of metal alkoxide include aluminum 
triethoxide, aluminum triisopropoxide, aluminum 
tributoxide, aluminum fcri-sec-but^ida, aluminum 

25 diisopropoxy-sec-butoxide, aluminum diiaopropoxyacetyl 
acetonate, aluminum di-sec-butoxyacetyl acetanoate, 
aluminum diisopropoxyethyl acetoacetate, aluminum di-sec- 
butoxyethylacetoacetate, aluminum trisacetyl acetonate, 
aluminum trisethylaceto acetate, aluminum acety la catenate 

3D bisethylacetoacetate, titanium tetraethoxide, titanium 
tetraisopropoxide/ titanium (IV) butoxide, titanium 
diisopropoxybisacetyl acetonate, titanium 

diisopropoxybisethyl acetoacetate, titanium tetra-2- 
ethylhexyloxide, titanium diisopropoxybis {2-ethyl-l,3- 

35 hexanediolate), titanium dibutoxybis (triethanolaminate) , 
zirconium tetrabut oxide, zirconium tetraisopropoxide, 
zirconium tetramethoxide, zirconium tributoxide 
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monoacetylacetonate, Birconium dibutoxida 

biaacetylacetonate, zirconium butoxide 

trisacetylacetonate, zirconium tetraacetylacetonate, 
zirconium tributoxide roonoethylacetoacetate, zirconiuw 
5 dibutoxide bisethylacetoacetate, zirconium butoxide 
trisethylacetoacetate and zirconium 

tetraethylaeetoacetate. in addition to these compounds, 
cyclic l/S^-triiaopropoxycyclotsM^luminoxane and the like 
can also be used and is thereby iacorpo rated within the 
10 definition of "silaphilio catalyst". 

Preferably, in compounds of formula I r the number of 
(alk) aoryloyl groupa ia leas than 4, more preferably, less 
than 3/ most preferably i„ 

15 

Advantageously, although the prior art describes the 
reaction of alkoxysilanes with carboxylic acid a» leading 
to the corresponding alkylcarboxylates and the silanol 
(path A) r the latter tending to dehydrate to form 
20 disiloxanes. Xt has been surprisingly discovered that the 
use of a silaphilic catalyst (ie. a catalyst able to 
coordinate in a reversible manner with the silicon atoift) 
allows preferential substitution of alko*y or hydroxyl 
groups by the carbo*y group (path BJ . 

25 
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Advantageously, the process of the present invention 
results in the release of harmless by-products, namely 
5 water and methanol. 

More preferably, the silaphilic catalyst is a catalyst 
capable of facilitating a penta or hexa coordinated 
silicon species in the transition state of the reaction. 



10 



20 



25 



More, preferably, the silaphilic catalysts are 
independably . selected from 



DMP, DMSO, formamide, N-alkylf ormamides, N,N- 
15 dialkylformamides, acetamide, N-alkylacetamides , N,N- 
dialkylacetamides, N-Methyl pyrrolidone, P~ 

dimethylaminobenzaldehyde, DMAP* H-raethyl imidazole, 1.2- 
dimethyl imidazole, HMPA, DMPO, JJal, MeONa, MeOLi, Bu4NF, 
PhSPO, LlOH, LiStearate and' pyridine N-ostide. 

The catalysts may be homogenous or heterogenous but 
preferably, are homogenous and present in a free form in 
the reaction medium. Alternatively, the catalysts may be 
bonded to a polymeric support. 

Particularly preferred catalysts are independably selected 



from 



DMP, formamide, N-alkyl formamide, N,N-dialkylformamide, 
30 Bu„HF. 

Preferably, the catalysts are present at a level of 0.001- 
100 mol* (mol/mol silane), more preferably 0.01-40 mol%, 
most preferably, 0.1-30 mol% in the reaotion. medium at the 
35 start of the reaction. Especially preferred is a range of 
20-30 mol% for the formamides or 0.1-lmol% for Bu 4 NF. 
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Preferably , the reaction includes a polymeric inhibitor. 
h suitable polymerisation inhibitor is o-methoxyphenol. 

Preferably, the reaction ia carried out in a suitable 
5 solvent. 

Suitable solvents which can be used in the process of the 
invention Include non polar inert solvents , aliphatic 
hydrocarbons , cyclic and non cyclic ethers. 

10 

Suitably solvents may be independently selected from 
pentane, hexane, heptane, toluene, xylene, benzene, 
mesitylene, ethylbenzene, octane, da cane, 

decahydronaphthlene, diethyl ether, diisopropyl ether, 
15 diisobutyl ether or mixtures thereof. 

Especially preferred solvents are those which allow 
reactive distillation ie* which cause no distillation of 
any of the reactants but which allow preferential 
20 distillation of one gf the products to drive the 
equilibrium to the right. 

Nora especially preferred solvents are those which form a 
low boiling azeotrope with thfe distilled R 8 OH„ Still more 
25 especially preferred solvents are those which form a 
hetergenoua low boiling azeotrope with the distilled R a QH. 

Host preferably, the solvents are independently selected 
from pentane, hexane, heptane, toluene and xylene. 

30 

Preferably r the temper ature of the reaction depends on the 
boiling point of the azeotrope that had to be distilled, 
the shape of the reactor and the height of the 
distillation column. 

35 
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Typically, the paction is carried out in the range 0°C - 
200 D C, mora preferably, 60-170°c, most preferably, 110- 
140°C. 



5 Preferably, the polymerisation inhibitor is present in the 
range 0-001-10% wt/wt of the total reaction mix, more 
preferably 0.001-5% wt/wt and most preferably 0*01-2% 
wt/wt. 

10 Preferably, the molar ratio of silaneracid is between 
1:100 and 50:1, more preferably between 10:1 and 1:10, 
most preferably, between 2*1 and 1:2. . . Preferably , the 
molar ratio of silaneraoid is approximately 1:1. 

15 Preferably, the solvent is at least 10 wt% of the total 
reaction mix at the start of the reaction, more 
preferably, at least 20 wt%, most preferably, at least 30 
wt%. The reaction may be carried out at atmospheric 
pressure although both higher and lower pressures are also 

20 possible. 

The reaotion may also be performed without solvent and 
accordingly suitable ranges, of solvent are 0-99 wt% of the 
total reaction mix, more preferably, 20-50 wtfe, most 
25 preferably 30-40 wt%. 

Preferably, »V R 2 , ft 3 , R 4 and R 3 each independently 
represent hydrogen, alkyl, alkynyl, aryl or aralkyl 
radicals optionally substituted as aforesaid in the first 
30 aspect of the present invention, more preferably, 
optionally substituted by one or more eubstituenta 
independently selected from the group comprising alkyl, 
aralkyl, aryl, halogen, tertiary amino or amino alkyl 
radicals . 

35 

Preferably, R € represents an hydrogen atom or an alkyl 
group - 
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Preferably, R 7 represents an alkyl group/ an aryl group or 
an aralkyl group* 

5 Preferably, R 1 , R 2 , R 3 , R 4 , R s each independently represent 
an alkyl., an aryl group or a hydrogen atom- 
According to an eRlbodiment of the present invention, R a f 
R 2 , R 3 , R 4 , R B , R 6 , R 7 and R* are each independently selected 
10 from the group conqprising methyl, ethyl, propyl, 
isopropyl, isobutyl, n-butyl, sec-butyl, t-butyl. 
Preferably, R*, R 5 , R° and R° are methyl and R 7 is hydrogen* 

Preferably, R 8 represents a hydrogen atom or an alkyl " 
15 group. 

When R 1 , R a and R a are alkyl groups they are preferably, 
independently delected from the group consisting of CI 1 to 
C8 alkyl groups, preferably C3 and C4, more preferably 
20 ieopropyl and n-butyl. The said alkyl groups may be 
branched or linear. 

Preferably, each n in formulas I, II or III is 
independently 0 to SO, more preferably, 0 to 10, most 
25 preferably 0 to 5. Especially preferred values for n are 
selected from 0, 1, 2, 3, 4 or 5. 

As used herein, the term "polymer" refers to the product 
of a polymerisation reaction, and is inclusive of 
30 homopolymers, copolymers, terpolymers, etc. 

As used herein, the term "copolymer" refers to polymers 
formed by the polymerisation reaction of at least two 
different monomers. 



As used herein, the term "independently selected 1 ' or 
"independently represent" indicates that the each 



35 
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radical R so described, can be identical or different. For 
example each R 4 in compound of formula (I) xfoay be 
different for each value of n. 

5 The term "alkyl w , as used herein unless otherwise defined, 
relates to saturated hydrocarbon radicals having straight, 
branched/ cyclic or polycyclic moieties or combinations 
thereof and contains 1 to 20 carbon atoms , preferably 1 to 
ID; carbon atoms, more preferably 1 to 8 carbon atoms r 

10 still more preferably 1 to 6 carbon atoms, yat more 
preferably 1 to 4 carbon atoms. Examples of such radicals 
include may be independently selected from methyl, ethyl,, 
n-propyl, iaopropyl n-butyl, isobutyl, set-butyl, tert- 
butyl/ 2-methylbutyl, pentyl, iso-amyl, hexyl, cyclohexyl, 

15 3-methylpentyl, octyl and the like. 

Th<- term "alkenyl", as used herein, relates to 
hydrocarbon radicals having one Or several double bonds, 
having straight, branched, cyclic or polycyclic moieties 

20 or combination© thereof and containing from 2 to 18 carbon 
atoms, preferably 2 to 10 carbon atoms, more preferably 
from 2 to 8 carbon atoms, still more preferably 2 to 6 
carbon atoms, yet more preferably 2 to 4 carbon atoms. 
Examples of alkenyl groups include vinyl, allyl, 

25 . isopropenyl, pentenyl, hexanyl, heptenyl, cyclopropenyl, 
eyclobutenyl, cyclopentenyl, cyclohexenyl, l-propenyl r 2- 
butenyl, 2-methyl-2-buteiiyl, isoprenyl, farnesyl, geranyl, 
geranylgeranyl and the like. 

30 The term "alkynyl", a© used herein, relates to hydrocarbon 
radicals having one or several triple bonds, having 
straight, branched, cyclic or polycyclic moieties or 
combinations thereof and having from 2 to 18 carbon atoms, 
preferably 2 to 10 carbon atoms, more preferably from 2 to 

35 8 carbon atoms, still more preferably from 2 to 6 carbon 
atoms, yet more preferably 2 to 4 carbon atoms. Examples 



TO 01633814444 



P. 21 



13 

of alkynyl radicals Include ethynyl, propynyl, 
(propargyl), butynyl,. pentynyl, hexynyl and the like. 

The term "aryl" as used herein, relates to an organie 
5 radical derived from an aromatic hydrocarbon by removal of 
one hydrogen, and includes any monocyclic, bicyclic or 
polycyclic carbon ring of up to 7 members in each ring, 
wherein at least one ring is aromatic. Said radical may be 
optionally substituted with one or more substituenfcs 

10 independently selected from alkyl, alkoxy, halogen, 
hydroxy or amino radicals. Examples of aryl includes 
phenyl, p-tolyl , ... 4-me thoxypheny 1 , 4- t tert-butoxy ) phenyl , 
3-methyl-4~methoxyphenyl, 4-fluorophenyl, 4-ehlorophenyl, 
3-nitrophenyl, 3-aminophenyl, 3-acetamidophenyl, 4- 

15 acetamidophenyl, 2~methyl-3-acetamidophen'yl, 2-methyl-3- 
aminophenyl, 3-methyl-4-amlnophenyl, 2 -ami no- 3- 

mathylphenyl , 2, 4 -dimethyl -3-aminophenyl , 4-hydr oxyphenyl , 
3-methyl-4-hydroxyphenyl, 1-naphthyl, 2-naphthyl, 3-amino- 
1-naphthyl, 2-methyl-3-amino-l-naphthyl, 6-am±no-2- 
20 naphthyl, 4, 6-dimethoxy-2 -naphthyl, tetrahydronaphthyl, 
indanyl, biphenyl, phenantbryl, anthryl or aeenaphthyl and 
the like. 



The term "aralkyl" as used herein, relates to a group of 
26 the formula alkyl -aryl, in which alkyl and aryl have the 
same meaning as defined above. Examples of aralkyl 
radicals include benzyl, phenethyl, dibenzylmethyl, 
methylphenylmethyl, 3- f 2 -naphthyl) -butyl, and the like, 

30 Examples of the ethylenically unsaturated part of formula 
(I) may include but are not limited to (meth) acrylate, 
itaconate, methyl fumarate, methyl maleate, n-butyl 
fumarate, n-butyl maleate, amyl fumarate, amyl maleate, 
and the like and polymers or copolymers thereof, wherein 

35 methacrylate or acrylate is herein collectively referred 
to as a n (meth) acrylate". 
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In a preferred embodiment, said ethylenically unaaturated 
part of. formula (I) is (meth)acrylate, and copolymers or 
polymer a thereof. 

Bxaittples of the organosilylated carboxylate monomers of 
general formula <X> include but are rxot limited to tri-n- 
butyl 1- tweth) acryloyloxy-silane, tri-n-propyl-1- 

(meth)acryloyloxy silane, tri-t-butyl-1- (meth) acryloyloxy- 
silane, tri-ieopropyl-1- {meth) acryloyloxy-silane, tri~ 
iaobutyl-1- (meth) acryloyloxy-eilane, tri-methyl-1- 

(meth > acryloyloxy-eilane, triethyl- 1- (meth) acr yloyloxy- 
ailane, tribenzyl- lHmeth) aery loyloxy-ai lane, triamyl- 1- 

(meth)acryloyloxy-silane, triphenyl- 1- <meth)acryloyloxy- 
silane, nonamethyl-l- (meth) acryloyloxy-tetrasiloxane, 

nonaethyi-1- (meth) acryloyloxy-tetraailoxana, nona-t-butyl- 



20 



25 



30 



35 



1- (meth) acryloylpxy-tetrasiloxane, 
{meth) acryloyloxy-tetrasiloxane, 
(meth) aaryloyloxy-tetrasiloxane, 
(meth) acryloyloxy-tetrasiloxane, 
(meth) ^csyloyloxy-tetrasiloxane, 
(meth) acryloyloxy-tetraeiloxane, 
(meth) aczyloyloxy-tetrasiloxane, 
(meth) acryloyloxy-tetrasiloxane, 
(meth) acryloyloxy-tetrasiloxane, 
(math ) acr y loy loxy- to t ras i 1 oxane , 
(meth ) acryloy loxy-tetrasi loxarie , 
(meth) acryloyloxy-pentasiloxane, 
(meth) acryloyloxy-pentaeiloxane, 
(meth) acryloyloxy-pentasiloxane, 
(meth) acryloyloxy-pentasiloxane/ 
tmetb) aoryloyloxy-pentasiloxane r 
(meth) aery loyloxy-pentaslloxane, 
(meth) aery loyloxy-pentasiloxane, 
(meth) acryloyloxy-pentasiloxane , 
(meth) acryloyloxy-pentasiloxane r 
(math) aaryloyloxy-pentasiloxane , 
(meth) acryloyloxy-pentasiloxane , 



nonabenz yl-l«» 
nona~isopropyl-l- 
nona-n-propyl-1- 
nona-isobutyl-l- 
nona-amyl-l- 
nona-n-butyl-1- 
nona-dodecyl~l- 
nona-hexyl-1- 
nona-phenyl-1- 
nona-octyl-1- 
undecamethyl-1- 
undecaethyl bl- 
onde ca~ t-butyl - 1- 
undacabenzyl-1- 
undeca-isopropyl-1- 
undaca-n-propyl-1- 
undeca-isobutyl-1- 
undaca-amyl- 1- 
undeca-n-butyl-1- 
unde ca- dodecyl -1- 
undeca-hexyl-1- 
undeca-phenyl-1- 
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(meth) acryloyloxy-pentasiloxane, 
(methj acryloyloxy-pentasiloxane 
{meth} acryloyloxy-hexasiloxane, 
(meth.) acryloyloxy-hexasiloxane/ 
(meth) acryloyloxy-hexasiloxane, 
(meth) acryloyloxy-hexasiloxane, 
(meth) acryloyloxy-hexaailcxane, 
(meth) acryloyloxy-hexasiloxane, 
(meth) acryloyloxy-hexasiloxane, 
(meth) acryloyloxy-hexasiloxane, 
(meth) acryloyloxy-hexasiloxane, 
(meth) acryloyloxy-hexasiloxane, 
(meth) acryloyloxy-hexasiloxane, 
{meth) acryloyloxy-hexasiloxane , 
(meth) acryloyloxy-hexasiloxane and 



undeca- oct y 1 - 1 - 
tridecamethyl-1- 
tridecaethyl-l- 
trideca-t-butyl-i- 
t r i de cabenzy 1 - 1 - 
trideca-isopropyl-l- 
trideca-ri-propyl-1- 
trideca~isobutyl~l- 
trideca-amyl-l~ 
trideca-n-butyl-l- 
trideca-dodacyl^l**- 
trideca-hexyl-l- 
t r i de ca -ph any 1 - 1 - 
trideca-octyl-l- 
polymers thereof. 



In formula I, the ethylenic unsaturated part is 
preferably selected from acrylate and methacrylate . 



most 



20 The invention will now be described by way of illustration 
only and with reference to the accompanying examples . 



In the following examples, NMR data has been determined in 
CDC1 3 and are expressed as delta versus *MS. 

Example Is 

A mixture of 20 g of methoxytributyl ailane (CAS RN:15Bli- 
64-0), 8.12 g of methacrylic acid, 1.83 g of N,N- 
dimethylformamide, 0-2 g of p-methoxyphenol and 30 ml of 
30 heptane is heated until methanol is completely distilled 
at atmospheric preeaure (b.p. of the azeotrope: 59.1°c) to 
furnish tributyleilyl methacrylate (89&) . 

Tri-n-butylsilyl methacrylate: ,3 C NMR : 167.8, 137.9, 
35 126.0, 26.7, 25.5, 1B«5, 13.5, 14.0; M Si NMB z 23,1; IR 
(film): 2959, 2927, 1703, 1334, 1174, 886, 766 cm" 1 . 
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Example 28 

A mixture Of 10 g of tributyl silanol {CAS RN: 28388-85- 
7), 4.26 q of methacrylic acld # 0.94 g of N,N- 
O^ethylformaraide, 0.1 g of p-^nethoxyphenol and 10 ml of 
5 heptane is heated until water is completely distilled at 
atmospheric pressure (b.p. of the azeotrope : 79.2°C) to 
furnish tributylsilyl methaerylate. 

Comparative Example ; 

10 A mixture of 10 g of methoxytributyl silane, 4.26 g of 
laethacrylic acid, 1.3 g of Amberlyat A1S (sulfonic acid 
resin), 0.1 g of p-methoxyphenol and 10 ml of heptane is 
heated. After distillation of heptane, only slight amounts 
of tributylsilyl methaerylate are detected, hexabutyl 

15 disiloxane and methyl methaorylate are present as main 
products . 

Example 3r 

A mixture of 10 g of tributyl silanol, 4.26 g of 
20 methacrylic acid, 0.58 g of formamide, 0.1 g of p- 
methoxyphenol and 10 ml of heptane is heated until water 
is completely distilled at atmospheric pressuee (b.p. of 
the azedtrope: 79.2°C) to furnish tributylsilyl 
methaerylate 1 . 

25 

Example 4: 

A mixture of 10 g of methoxytributyl silane, 4.26 g of 
methacrylic acid, 1.13 g of dimethyl acetamide, 0.1 g 
30 of p-metboxyphenol and 10 ml of heptane is heated until 
methanol is completely distilled at atmospheric pressure 
(b.p. of the aaeotrops: 59.1*0 to furnish tributylsilyl 
methaerylate. 

36 Example 5: 

A mixture of 10 g of methoxytributyl silane, 4.26 g of 
methacrylic acid, 2.0 g of N-formyl Rosinamine (prepared 
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as described in example 1 of WO00/55117) , 0.1 g of p- 
methoxyphenol and 10 ml of heptane is heated until 
methanol is completely distilled at atmospheric pressure 

Cb.p. of the azeotrope: 59.1°C) to furnish tributylsilyl 
5 methacrylate* 

Example 6 

0.274 g of tetrabutylammonium fluoride trihydrate and 30 
ml of heptane were heated at 110*C in order to remove 
10 water by azeotropic distillation. 20 g of methoxytributyl 

ailane, 8.12 g of roethacrylic acid and 0*2 : g of p- 
methoxyphenol were then added* The mixture was heated 
until methanol is completely distilled at atmospheric 
pressure <b.p. of the azeotrope: 59.1°C) for 2 h. 
15 Evaporation of the solvent under reduced pressure followed 
by vacuum distillation fu^nish^d pure tributylsilyl 
methacrylate. 

Example 7 

20 0*179 g of tetrabutyl ammonium fluoride trihydrate and 20ml 
of heptane were heated at 110 "C In order to remove water 
by azeotropic distillation. 10 g of triisopropylsilanol, 
4.41 g of acrylic acid and 0.2 g of p-xtiethoxyphenol were 
then added. The mixture was heated until the water is 

25 totally distilled at atmospheric pressure (b.p, of the 
azeotrope: 79.2°C) to furnish triisopropyl acrylate, 
Triisopropylsilyl acryiat^s i^c NMR: 132.5, 130 -4, 175. 0, 
12*3, 17.0; 29 si jjmr. 21.84; IR (film): 2948, 2870, 1708, 
1620, 1465, 1403, 1290, 1209, 1046, 884, 81B, 746 enr*. 

3D 

Example 8 

0.132 g of tetrabutylamraonium fluoride trihydrate and 20ml. 
of heptane were heated at 110*C in order to remove water 
by azeotropic distillation. 13.8 g of Aonsmethyl-l- 
35 methoxy-tetrasiloxane (GAS* 78824-97-2), 4.41 g of 
methacrylic acid and Q*l g of p-methoxyphenol were then 
added. The mixture was heated until the methanol is 
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totally distilled at atmospheric pressure <b.p. of rtt. 
azeotrope: 89.1-c) to furnish nonamethyl 1 . 
methacryloyloxy-tetrasiloxane. 

Nonamethyl-l-xnethaoryloyloxy-tetraslloxane: "c : «fc 166.8, 
h «« 3 137 8, 18.1, 1-95, 1.24, 1.03, -0.13; "Si NMR; 7.3, 

1083, 1045, 841, 809 Can 1 . 

comparative example 2 show, the ?» 
10 uncatalysed reaction, the reaction i« very slow and leads 
to a mixture of starting materials and MM*. 

g^ ^^o f^ 3 ? o f methoxytributyl silane, 8.12 « of 
15 methacrylic acid, 0.2 g of p-methoxyphenol and 30 ml of 
heptane is heated, after 7 h at 165 -O only 0.15 eg of 
^thanol was distilled. Analysis of the reaction mature 
" showed a mixture of starting materials, TBSiMA and 
methyl methaorylate - 



20 



Example 9s 

0 .36 g of lithium hydroxide monohydrat* and 20ml of 
heptane were heated at iWC in order to remove water by 

25 a!!otropio distillation. 20 * of xuathoxytributylsilane,. 
8 I2 g of methacrylic acid and 0.2 g of p-methoxyphenol 
!ere then added. The mixture was heated is heated until 
X matnanol is -tally distilled at atmospheric Pressure 
Ib.p. of the aseotrope* W.lM) to furnish tributylsilyl 

30 methacrylate (88%) . 

The reaction temperatures for the above mentioned examples 
are as follows : - 



35 



Example # T" 

1 150-170°C 

2 120-130°C 
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3 
4 
5 
6 
7 
8 
9 



120-X4O*C 
130-150°C 
125~130 9 C 
110-I20°C 
125-130°C 
11Q-135°C 
125-150*C 



10 
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The reader's attention is directed to all papers and 
documents which are filed concurrently with or previous to 
this specification in connection with this application and 
which are open to public inspection with this 
specification, and the contents of all such papers .and 
documents are incorporated herein by reference. 

All of the features disclosed in this specification 
(including any accompanying claims, abstract and 
drawings} , and/or all of the steps of any method or 
process so disclosed, may be combined in any combination, 
except combinations where at least some of such features 
and/or step© are mutually exclusive. 

Bach feature disclosed in this specification (including 
any accompanying claims , abstract and drawings), may be 
replaced by alternative features serving the same, 
equivalent or similar purpose, unless expressly stated 
otherwise. Thus, unless expressly stated otherwise, each 
feature disclosed is one example only of a generic series 
of equivalent or similar features. 

The invention is not restricted to the details of the 
foregoing embodiment (s) , The invention extends to any 
novel one, or any novel combination, of the features 
disclosed in this specification (including any 
accompanying claims, abstract and drawings) , or to any 
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novel one, or any novel combination, o£ the steps of any 
method or process so disclosed. 
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Claims 

1. A process for the production of hydrdcarbyl silyl 
6 unsaturated carboxylates of formula (I). 




(I) 

wherein 

10 

R x , R 2 , R 3 # R 4 , R 5 each independently represent hydrogen, 
hydro*yl, alkyl, alkenyl, alkynyl, alkoxyl, aryl, 
aryloxyl, aralkyloatyl, -o-SiR^R 3 , -O- (siR l R 5 0) n -SiR 1 R z R 3 or 
aralkyl radical optionally substituted by one or more 
15 substituents independently selected from the group 
comprising &4.kyl, alkoxyl, aralkyl, axalkyloxyl, aryl r 
aryloxyl, hydroxyl, halogen, amino or amino alkyl 
radicals r or may independently be an -O-C (0) -C <R 6 ) =CHR 7 
group; 

20 

R 6 represents a hydrogen atom f or an alkyl group, or (-R B - 
)o C(0)0R 1D wherein R 1 * represents an hydrogen atom, - 
(SiR«R 3 0> ft -siR 1 R 2 R 3 wherein R*, R a , R 3 , R\ R 6 are a3 already 
defined or an alkyl group; wherein R* is independently 
25 selected from alkyl, alkenyl, alkynyl, a:ryl or an aralkyl 
radical optionally substituted by one or more substituenta 
independently selected from alkyl, alkenyl, alkynyl, 
aralkyl, aryl, hydroxyl, halogen, amino or amino alkyl 
radicals; O=»0. or 1; 

30 

R 7 represents a hydrogen atom, or independently represents 
alkyl, aryl, aralkyl, alkenyl, alkynyl radical optionally 
substituted with the same radical* as defined for R« above 
or R 7 represents -COOR 9 wherein R° represents an hydrogen 
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atom, an alkyl group, or - <SiR 4 R 6 -0> „- SiR^R 3 wherein R 1 . 
R 2 , R 3 ' and rS arc as already defined? . 

by reaction of an unsaturated caxboxylic acid of formula 
5 * (ID 

R— CH=C n 

0 (II) 

wherein R fl and R 1 in formula (II> are as defined above; 
I'd ' with' a hy'drocarbyl'ailyl compound of formula {III) 



It \f 



(iii> 

15 wherein R^R* ,R 3 * R 4 and R 5 are as defined above and R 8 is 
an hydrogen atom, an alkyl, aralkyl or aryl, alkenyl or 
alkynyl group optionally substituted with one or more 
substitttente selected from the equivalent substituents as 
detailed for R x -ft* above; and each n above independently 

20 represents a number of dihydrocarbylsiloxane units from 0 
to 1000? the said reaction being carried out in the 
presence of a silaphilic catalyst . 

2* A process according to claim 1/ wherein R x , R a , R 3 , R*, 
26 ft* each independently represent an alkyl , an aryl Cr*<rup or 
a hydrogen atom, 

3, A process according to claim 1 or 2 r wherein R l r R 2 , 
R 3 R 4 , R fi , R fi and R 9 are each independently selected from 
30 the grpup comprising methyl , ethyls propyl f isopropyl, 
xsobutyl, n-butyl f sec-butyl, t-butyl. 
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4. A process according to claims 1, 2 or 3 wherein R\ R s , 
R 6 , R 7 and R 9 are independently methyl. 

5 5. A process according to claims 1, 2, 3 or 4 wherein R* r 
R 2 and R 9 are n-butyl. 

6. A process according to any preceding claim, wherein 
fluoride containing mineral or organic salts which 

10 comprise, but are not limited to, sodium fluoride, 
potassium fluoride, caesium fluoride or tetrabutyl 
ammonium fluoride (Bu 4 wf) / or are selected from N-methyl 
imidazole (NM1 ) , N,N-diraethylamino pyridine (DMAP) , v 

hexamethylphosphoric tr iamide CHMPA] , 4,4 dimethyl 

15 imidazole, n methyl-2-pyridone (NfciP) , pyridine N-oxid©,* 
triphenylphosphine Oxide, 2,4 dimethyl pyridine, tt-methyl- 
4-pyridone, dimethyl . S ormamide (DMF) , 3,5 dimethyl 
pyridine , N, H-dimethylethylene Urea { DMEU) , BT, N- 

dimethylpropylene Drea(DMPU), pyridine, imidazole, 

20 trimethylaroina, dimethyl Bulphoxide(DMSO) , N-methyl J 
pyrrolidinone (BMP) , formamide, N-alkylf ormamides, N,N~ 
dialkylformamides, acetamide, N-alkylacet amides, tf,N- 
dialkylacetamides, alkylcyanides, N-methyl pyrrolidpne, p- 
dimethylaminobenzaldehyde, 1,2-dimethyl imidazole, LiOH, 

25 LiStearate, Nal, MeWa or MeOLi; the term alkyl in the 
above N-alkyl and N,N-dialkyl .... amides and cyanides 
includes any linear, cyclic, bi cyclic, polycyclic, alkyl 
aliphatic or aromatic group and in the case of Kf,KT- 
compounds the alkyl. may be the same or different r an 

30 example is W-formyl Rosinamine, 

7* A process according to any preceding claim, wherein 
the catalysts are homogenous or heterogenous, 

35 8. A process according to any preceding claim wherein the 
catalyst is able to coordinate reversibly with the silicon 



atom. 
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9- A process according to claim 8, wherein the catalyst 
is capable of forming a penta or hexa coordinated silicon 
species. 

5 10 „ A process according to claim 1/ wherein R s , R 3 , R 3 , R*r 
R a , R 5 , R e , R 9 and R* are alkyl radicals independently 
aeiectod from methyl, ethyl, n-propyl, isopropyl n-butyl, 
isobutyl , set-butyl , tert-butyl , 2-methylbutyl r peatyl , 
iso-amyl, hexyl, cyclohexyl, 3-methylpentyl, octyl and the 
10 like. 

11. A process . according to claim . 1, wherein the 
hydrocarbyl silyl esters of formula I are selected from 
tri-n-butyl 1- (math) acryloyloxy-silane r tri-n~propyl-l- 
16 (meth) acryloyloxy silane, tri-t-butyl-1- (math) aery loyloxy- 
silane, tri-i30propyl-l- (meth) acryloyloxy- silane, tri- 
isobutyl-1- (meth) acryloyloxy-silane, tr±-methyl-l- 
(raeth) aoryloyloxy-silane, triethyl- 1- (meth) acryloyloxy- 
silane, tribenzyl- 1- (meth) acryloyloxy-silane, triamyl- 1- 
20 {meth) acryloyloxy-silane, triphenyl- 1- (meth) acryloyloxy- 
silane, nonamethyl-l- (meth) acryloyloxy-tetrasiloxane, 
nonaethy 1- 1- (meth) acryloyloxy-tetrasiloxane , nona-t-butyl~ 
1- Cmeth) acryloyloxy-tetrasiloxane , nohabenzyl-1- 
(meth) ae^yloyloxy-tetrasiloxane, nona-isopropyl-1- 
26 (math) acryloyloxy-tetrasiloxane, nona-n-pitopyl-1- 
(meth) acryloyloxy-tetrasiloxane, nona-isobutyl-1- 
(math) acryloyloxy-tetrasiloxane, nona-amyl-1- 
(meth) acryloyloxy-tot rasiloxane, nona-n-butyl-1- 
(meth) acryloyloxy-tetrasiloxane, nona-dodeeyl-1- 
30 (meth) acryloyloxy-tetrasiloxane, nona-hexyl-1- 
(meth) acryloyloxy-tetrasiloxane, nona-phenyl-1- 
(meth) acryloyloxy-tetraailoxane, nona-octyl-1- 
(meth) aot^yloyloxy-tetrasiloxane, undecamethyl-1- 
(meth) acryloyloxy-pentasiloxane, undecaethyl-1- 
35 (meth) acryloyloxy-pentaailoxane, undeca-t-butyl-X- 
(meth) acryioyloxy-pentaailoxane , undecabensyl-l- 
(meth) acryloyloxy-pentasiloxane, undeca-isopropyl-1- 



I 



20-DEC-2002 182 53 FROM PFPLEYRRD LEES - LEEDS TO 01633814444 'P. 33 



25 



{meth) acxyloyloxy^-pentasiloxane, 
(meth) acryloyloxy-pentasiloxane r 
(meth) aaryloyloxy-pentasiloxane, 
(meth) aaryloyloxy-pentasiloxane , 

5 (meth) acryloyloxy-pentasiloxane, 
(meth) acryloyloxy-pentasiloxane, 
(meth) aoryloyloxy-pentasiloxane, 
(meth) acryloyloxy-pentasiloxane, 
(meth) acryloyloxy-pantasiloxane 

10 (meth) acryioyloxy-hexasiloxane/ 
(meth) acryioyloxy-hexasiloxane, 
(meth) aciryloyloxy-hexa^iloxan©/ 
(meth)acryloyloxy-hexasilo«ane, 
(meth) aeryloyloxy-hexasiloxane, 

15 (meth) acryloyloxy-hexasiloxane, 
(meth) acryloyloxy-hexasiloxane, 
(meth) acryloyloxy-hexaailoxane, 
{meth) acryloyloxy-hexa alloxans, 
(meth) acryloyloxy-hexasiloxane, 
20 {meth ) a c r y 1 ay loxy-hes*as £ loxane , 
(meth) acryloyloxy-hexasilojcane, 
(meth)acryloyioxy~hexasiloxane and 



undeca-n-propyl-^l- 
undeca-isobutyl-1- 
unde ca -^aiuy 1 - 1 - 
un.de ca-n^-butyl-l- 
undaca-dodecyl— 1- 
undeca*-hexyl— 1- 
unde ca -phenyl- 1 - 
unde ca-oc tyl- 1 - 
t r ide came thy 1- 1 - 
tr.idecaethyl-1- 
trideca-t-butyl-1- 
tridecabenzyl-1- 
trideca-isopropyl-1- 
trideca-n-pzopyl-l~ 
trideca-isobutyl-1- 
trideca-amyl-1— 
t ride ca—n— butyl- I— 
trideca-~dodecyl-l- 
trideaa-hexyl-1- 
trideca~phenyl-l- 
t r Ida ca- oct y 1 - 1 - 
polymers thereof. 



12 . A process according to any preceding claim r wherein 
25 the catalysts are independably selected from DM IP, DMSO, 
f OCTtamide, N-alkylf ormamides, , N-dialkylf ormamides , 

acetamide, N-alkylacetamides, N,N-dialkylacetamides, N— 
Methyl pyrrolidone, p~dimethylaminobenzaldehyde f DMA?, 
methyl imidazole, l,2~dimethyl imidazole, HMPA, DMPU, 
30 Mai, MeONa, WeOLi, Bu4NF, Ph3PO r JuiOH, LiStearat© snd 
pyridine P-Ottide, 



35 



13. A process according to any preceding claim, wherein 
the catalysts are present at a level of 0*001-100 iaol% 
(mol/mol silane) . 
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14 > A process according to any preceding claim, wherein 
the reaction includes a polymeric inhibitor - 

15, A process according to any preceding claim, wherein 
5 the reaction is carried out in a suitable solvent. 

16, A process according to claim 15 r wherein suitable 
solvents include non polar inert solvents, aliphatic 
hydrocarbons, cyclic and non cyclic ethers. 



17. A process according to any claims IS or 16, wherein 
the solvent is independently selected from pentane, 
hexane, heptane, toluene, xylene, benzene/ masitylene, 
ethylbenaene, octane, decane, decahydronaphthlene, diethyl 
ether, diisopropyl ether, diisobutyl ether or mixtures 
thereof - 



IB* A process according to any o£ claims 15-17, wherein 
the solvent causes no distillation of any of the reactants 
20 but allows reactive distillation . 

19. A process according to any of claims 15-1B, wherein 
the solvent forms a low boiling azeotrope with the 
distilled B*OH. 



20, A process according to any of claims 15-19, wherein 
the solvents are independently selected from pentane, 
hexanfe, heptane, toluene and xylene. 

21. A process according to any preceding claim, wherein 
the reaction is carried out in the range 0*C - 200*C. 



22. A process according to any preceding claim, wherein a 
polymerisation inhibitor is present in the range 0.001-10% 
35 wt/wt of the total reaction mix. 
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23. A process according to any preceding claim, wherein 
the molar ratio of silane:ac±d is between 1:100 and 50:1. 

24. A process according to any preceding claim, wherein 
5 the solvent is at least 10 wtfc of the total reaction mix 

at the start of the reaction. 

25. A hydrocarbyl silyl monomer defined in fOXrtlul* I 
produced by a process In accordance with any of claims 1- 

10 24, 



26. A process according to claim 1/ wherein the number of 
(alk) acryloyl groups in formula 1 is less than 4. 

15 27. A process according to claim l r wherein the number of 
(alk) acryloyl groups in formula I is leas than 1. 

28. A process according, to claim 1, wherein when R t0 
represents alkyl or hydrogen in formula IX, it represents 

20 -CSiR'R^G-^Sifc^Jft 8 in formula I, wherein n and R l -R s are as 
defined previously. 

29. A process according to claim 1, wherein when ft 1 , ft 2 , 
R 3 , R* or R s arc aryloxyl, alkaryloxyl, alkoxyl or hydraxyl 

26 in tocmulif '-XXX, they may represent or -O-C (O) -C(R*)«CHR 7 in 
formula 

30.. A process according- to claim 1, wherein where R 9 
represents an alkyl group or an hydrogen atom in formula 
30 {II}, it mfcy represent - (SiR*R B 0) ^-SiR^R 3 in formula (X) • 

31* A process according to any of claims 1-6 or 8-30 
wherein said catalyst may be a metal alkoxide, an organic 
tin compound or a boron compound or cyclic 1,3, 5~ 
35 triisopropoxycyclotrialuminaxane and the like. 
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abstract 

A process - for the production of hydrocarbyl silyl 
unsaturated carboxylatee Of formula (I) is described, 

5 

c .... o _L_si_0-j— SI--R Z 

o-' \k Lk m 

wherein n represents a number of dihydrocarbylsiloxane 
units from 0 to 1000. ' 

The process includes the reaction of an unsaturated 
carboxylic aoid of formula (II) 

R 6 

r— ch=c; 

, t C-0H 
° (II) 

with a hydrocarbyl silyl compound of formula (ill) 




20 the said reaction being carried out in the presence 
Silaphilic catalyst. 
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